SUMMARY. The effect of time of planting and plant size on the performance of 'Festival' and 'Florida Fortuna' strawberry (Fragaria ·ananassa) plants was studied at Nambour in southeastern Queensland, Australia, over 2 years. The main objective of the work was to determine whether small plants yielded proportionally less than large plants as planting was delayed. First, bare-rooted transplants of 'Festival' were divided into small (crown diameters ranging from 6 to 10 mm) or large plants (10 to 17 mm) and planted in late March, mid-April, or late April. Second, transplants of 'Florida Fortuna' were divided into small (5 to 8 mm) or large plants (8 to 17 mm) and planted in early April, mid-April, or early May. The early planting for each cultivar corresponded with the time that the transplants are first available from commercial strawberry nurseries. Yields were generally greater in plants planted in late March/early April compared with plants planted later. Differences in yield between the small and large plants were consistent across the different times of planting, with the small plants always having lower yields. Small transplants are an issue for the productivity of strawberry fields in this environment whether they are planted early or late. Producers should consider paying a premium for large transplants delivered early in the season.
Y ields of bare-rooted 'Festival' strawberry plants in southeastern Queensland, Australia, were best with a planting in mid-March, with lower yields with earlier or later plantings (Menzel and Smith, 2011) . In contrast, large plants with crown diameters ranging from 10 to 17 mm had higher yields than small plants with crown diameters ranging from 6 to 10 mm. This research did not determine whether small plants yield proportionally less than large plants as planting is delayed after the optimum date.
The work in southeastern Queensland followed previous studies that assessed the productivity of strawberry fields in Florida. Florida has a similar climate to southeastern Queensland, with strawberry fruit produced from December to April which is equivalent to June to October in southeastern Queensland, under similar growing systems Whitaker et al., 2012) . Nursery material planted in October in Florida generally provided better yields or returns than material planted in September or November (Albregts and Chandler, 1994; Albregts and Howard, 1974 , 1977 , 1980 Chandler et al., 1991; Duval et al., 2005; Locascio, 1972) .
The size of transplants has been shown to have mixed effects on yield, with experiments conducted in Europe (Bartczak et al., 2010; Schrevens et al., 1989) , the United States (Takeda et al., 2004) , and South America (Cocco et al., 2011) . None of these experiments examined plants of different sizes planted at different times.
The effect of time of planting and plant size on the performance of 'Festival' and 'Florida Fortuna' strawberry plants growing in southeastern Queensland was studied over 2 years. The 'Festival' transplants were planted in late March, mid-April, or late April, whereas the 'Florida Fortuna' transplants were planted in early April, midApril, or early May. The stock from the nursery was classified as small plants with crowns smaller than 8 mm ('Florida Fortuna') or smaller than 10 mm ('Festival') . The large plants had crowns larger than 8 or 10 mm. The early planting for each cultivar corresponded with the time that the transplants are first available from the strawberry nurseries. 'Florida Fortuna' known as 'Florida Radiance' in the United States was developed by Chandler et al. (2009) and has been reported to produce high early season yields and maintain good fruit size. 'Florida Fortuna' has only been grown fairly recently in Australia. In some experiments in Florida, 'Florida Fortuna' has had higher yields than 'Festival' Santos et al., 2009; Whitaker et al., 2012) and has larger fruit at the end of the season during warm weather (Whitaker et al., 2012) . These last authors also noted that it has suboptimal growth in the nurseries, including weak petioles that are easily broken. In Florida, 'Festival' is still the main strawberry cultivar produced and accounts for %60% of commercial plantings (Whitaker et al., 2011) . 'Florida Fortuna' accounts for %10% of commercial plantings.
The present experiments were different to the previous research in southeastern Queensland (Menzel and Smith, 2011) (Menzel and Smith, 2011) .
Materials and methods
The transplants of 'Festival' and 'Florida Fortuna' were not available at the same time, with the 'Florida Fortuna' plants harvested after the 'Festival' plants as suggested by the owners of the license for these cultivars in Australia. The transplants of 'Florida Fortuna' were also smaller than those of 'Festival', with many of the plants having crowns smaller than 8 mm. Hence, we grew the two cultivars in two experiments.
'FESTIVAL'. Bare-rooted transplants of 'Festival' Menzel and Toldi (2010) . The stock for this experiment was planted after the optimum time of planting (Menzel and Smith, 2011) because growers do not receive transplants of this cultivar until late March.
The diameter of the crown, the number of leaves/plant, and plant dry weight were recorded from 40 plants per treatment at planting. Samples were collected from four individual boxes containing 500 plants. The consignments were selected at random at the packhouse in Stanthorpe. We also collected data on the growth of the other transplants in the consignments, with 40 samples collected at each time of planting. This analysis showed that 48% of the transplants had crowns smaller than 10 mm in 2010, and that 40% of the transplants had crowns smaller than 10 mm in 2011. Data were collected on plant growth every 3 weeks in the field up until early-to midOctober (Day 190 or Day 197) . Fruit were harvested every week for an assessment of yield (fresh weight) and fruit fresh weight up until mid-October.
Mature fruit were classified as those that were at least three-quarters colored. Diseased fruit and very small fruit weighing less than 5 g were discarded. Average seasonal fruit fresh weight is the long-term average value of fruit fresh weight in a treatment pooled across all harvests. No information was collected on the proportion of the harvests in different fruit size categories.
There were two sections in each block, one for recording plant growth and an adjacent one for recording yield. For the growth data, the experiment was laid out in a split-split-plot design, with planting dates in the main plots, plant size in the subplots, and harvest dates in the split-split plots (four blocks · two plants harvested each time = eight plants per treatment). For the yield and fresh fruit weight data, the experiment was laid out in a split-plot design, with planting dates in the main plots and plant size in the split plots (4 blocks · 20 plants in each plot = 80 plants per treatment). Growth data for the harvests from Day 43 were analyzed by split-split-plot analysis of variance [ANOVA (three planting dates · two plant sizes · eight harvests)] using GenStat (version 11; VSN International, Hemel Hempstead, United Kingdom). Data on yield and average seasonal fruit fresh weight were analyzed by split-plot ANOVA (three planting dates · two plant sizes). The data for each year were analyzed separately. The relationship between yield and plant growth in the six different treatments (three times of planting · two plant sizes) was assessed by regression analysis each year, using the graphics software SigmaPlot (version 11; Systat, Chicago, IL). A separate analysis was also conducted using the data for 'Florida Fortuna'.
The gross returns from the different treatments were compared using similar analyses as those used to compare yields. The yields (g/plant) from each treatment for each month from June to October were multiplied by the average price received for strawberry fruit in the Brisbane These planting times were 1 week later than those for 'Festival', with the first time of planting corresponding to when the transplants were first available from the nurseries. This is different to the practice in Florida, where 'Florida Fortuna' is planted before 'Festival' to take advantage of its early yielding characteristics. The stock was divided into small plants with crowns from 5 to 8 mm and large plants with crowns from 8 to 15 mm (2010) or with crowns from 8 to 17 mm (2011). The experimental setup, data collection, and analyses were similar to those used for 'Festival'. The first set of plants was not planted until early April in these experiments because this is the earliest time that 'Florida Fortuna' is available from the nurseries. An analysis of the consignments over the three planting times showed that 49% of the transplants had crowns smaller than 8 mm in 2010, and that 28% of the transplants had crowns smaller than 8 mm in 2011.
Weather data were collected at Nambour (Table 1) . It was slightly cooler and drier during the main period of fruit production (June to September) in 2011 than in 2010. Mean and minimum daily temperatures were higher than the long-term averages, whereas total rainfall was lower than the long-term average.
Results
In the ANOVAs to examine the effect of planting systems on the performance of 'Festival', time of planting and plant size had a significant effect on fruit yield in both years, with P <0.003. A similar analysis for 'Florida Fortuna' gave P <0.002, except for the effect of plant size in 2011 where P = 0.04. In all these analyses, the interaction between the time of planting and plant size on yield was not significant (P > 0.05).
'FESTIVAL'. There was a mixed effect of planting date on initial plant quality (Table 2 ). In 2010, initial crown and root dry weights increased as planting was delayed, whereas in 2011, there was no consistent effect of planting date on transplant quality. The large plants had wider crowns, more leaves/plant, and greater plant dry weights than the small plants in both years.
The plants planted in March had higher yields than those planted in April, and the large plants had higher yields than the small plants in both years (Table 3 ). The profitability of the different treatments reflected total yield from June to October, with a strong correlation between returns and yield [returns (A$/plant) = 0.0062 · yield (g/plant); R 2 = 0.91]. This analysis also included the data for 'Florida Fortuna'.
In 2010, there was no significant (P > 0.05) effect of time of planting on average seasonal fruit fresh weight (15.2, 15.0, and 15.5 g in the three planting treatments), and a small but significant effect of plant size on average seasonal fruit fresh weight (15.5 g for small plants and 15.0 g for large plants) [least significant difference (LSD) P = 0.05 and 0.4, respectively]. The response in 2011 was different to the response in 2010. There was a significant effect of time of planting and plant size on average seasonal fruit fresh weight (16.7, 15.5, and 18.4 g in the three planting treatments) (LSD P = 0.05 and 0.9, respectively) (17.2 g for small plants and 16.5 g for large plants) (LSD P = 0.05 and 0.6, respectively). The general means (±SE) pooled across all the treatments were 15.2 ± 0.2 g in 2010 and 16.8 ± 0.3 g in 2011.
When planted in March, the plants had more leaves per plant, more leaf area per plant, and higher plant dry weights than those planted in April in both years (Table 4 ). All aspects of growth were greater in the large plants than in the small plants.
'FLORIDA FORTUNA'. As in 'Festival', there was a mixed effect of planting date on the quality of the new transplants (Table 5 ). In 2010, leaf and crown dry weight, and especially root dry weight, were higher in the plants planted in May compared with those planted in April. In contrast, in 2011, leaf and root dry weight were lower in the plants planted in May compared with those planted in April. All aspects of growth were better in the large transplants compared with that observed in the small transplants in both years.
Yields were higher in the plants planted in early April compared with those planted in mid-April and May (2010) or higher compared with those planted in May (2011) ( Table  3) . Yields were higher in the large transplants than in the small transplants in both years. The gross returns of the different treatments reflected the differences in total yield, as demonstrated previously for 'Festival'.
In 2010, plant size had no significant (P > 0.05) effect on average seasonal fruit fresh weight (20.9 g for small plants and 19.1 g for large plants). In contrast, the fruit from the second planting (21.5 g) were larger than those from the third planting (18.7 g), with the fruit from the first planting intermediate (19.9 g) (LSD P = 0.05 and 1.8, respectively). The response in 2011 was opposite to the response in 2010, with plant size affecting fruit size but not time of planting. Average fruit size was 22.8 g in the small plants and 20.7 g in the large plants (LSD P = 0.05 and 1.1, respectively). Average fruit size was 21.3, 22.0, and 22.0 g in the three different planting times. Mean average seasonal fruit fresh weight pooled across all the treatments was 20.0 ± 0.5 g in 2010 and 21.8 ± 0.3 g in 2011. The fruit of 'Florida Fortuna' were %30% larger than those of 'Festival'. Data are the means of 80 or 120 samples per treatment, pooled across the three times of planting or two plant sizes. The differences between the small and the large bare-rooted plants were similar at the three times of planting; 1 mm = 0.0394 inch, 1 g = 0.0353 oz. y The first time of planting corresponded to when the transplants were first available from the nurseries.
x Maximum SE from the SEs calculated with the means presented in a column. w The small plants had crown diameters from 6 to 10 mm, and the large plants had crown diameters from 10 to 17 mm.
In 2010, average plant growth decreased as planting was delayed (Table 6 ). The only exceptions to this response were crown dry weight, which was only lower in the plants planted in early May, and root dry weight, which was unaffected. In 2011, growth was lower in the plants planted in mid-April and early May compared with that of the plants planted earlier (Table 6 ). Growth was higher in the large transplants than in the small transplants in both years.
THE RELATIONSHIP BETWEEN YIELD AND PLANT GROWTH. There were strong relationships between yield and average vegetative plant dry weight (leaves, crowns, and roots) in the different cultivars and years (Fig. 1) . Yield typically increased as average plant dry weight increased. In 2010, the regressions for the two cultivars had different intercepts and different slopes, whereas in 2011, the regressions for the two cultivars had different intercepts and similar slopes. When comparing the responses of the cultivars across years, 'Festival' had different slopes and different intercepts, whereas 'Florida Fortuna' had different intercepts and similar slopes. It was slightly cooler and drier in 2011 than in 2010, with lower average plant growth but higher average yield.
Discussion
These experiments confirm that time of planting and plant size affect the performance of 'Festival' transplants growing in southeastern Queensland (Menzel and Smith, 2011) . They z Data are the means of 64 or 84 replicates per treatment pooled across eight sampling dates. The data were also pooled across the three times of planting or the two plant sizes; 1 cm 2 = 0.1550 inch 2 , 1 g = 0.0353 oz. y The first time of planting corresponded to when the transplants were first available from the nurseries. x LSD for the means calculated from the analysis of variance. w The small plants had crown diameters from 6 to 10 mm, and the large plants had crown diameters from 10 to 17 mm; 1 mm = 0.0394 inch.
• June 2012 22 (3) also demonstrate that 'Florida Fortuna' transplants show a similar response. Yield generally decreased as planting was delayed after the first time that the plants were available from the nurseries. Yield was also lower in small transplants than in large transplants, with a similar response as planting was delayed.
RELATIVE PRODUCTIVITY OF THE TWO CULTIVARS. The yield of 'Festival' was higher than that of 'Florida Fortuna' in 9 of 10 comparisons. The average productivity of 'Festival' was %15% higher, reflecting the larger nursery material and the greater plant growth during the production season. The transplants of 'Festival' were also planted 1 week earlier than the transplants of 'Florida Fortuna'. The response recorded in southeastern Queensland was different to the response recorded in Florida Santos et al., 2009; Whitaker et al., 2012) . In these experiments, 'Florida Fortuna' had higher yields than 'Festival' in two of five cases and similar yields in three of five cases. In this area, 'Florida Fortuna' is often planted earlier than 'Festival' to take advantage of its early productivity. Data are the means of 80 or 120 samples per treatment, pooled across the three times of planting or the two plant sizes. The differences between the small and the large bare-rooted plants were similar at the three times of planting; 1 mm = 0.0394 inch, 1 g = 0.0353 oz. y The first time of planting corresponded to when the transplants were first available from the nurseries.
x Maximum SE from the SEs calculated with the means presented in a column. w The small plants had crown diameters from 5 to 8 mm, and the large plants had crown diameters from 8 to 17 mm. Data are the means of 64 or 84 replicates per treatment pooled across eight sampling dates. The data were also pooled across the three times of planting or the two plant sizes; 1 cm 2 = 0.1550 inch 2 , 1 g = 0.0353 oz. y The first time of planting corresponded to when the transplants were first available from the nurseries.
x LSD for the means calculated from the analysis of variance; NS = not significant at P >0.05. w The small plants had crown diameters from 5 to 8 mm, and the large plants had crown diameters from 8 to 17 mm; 1 mm = 0.0394 inch.
EFFECT OF TIME OF PLANTING ON GROWTH AND YIELD. There was no consistent effect of time of planting on the dry weight of the new transplants. Samples were collected from only four boxes of 500 plants at each planting time. The quality of transplants can vary greatly with location within the nursery and also with the sorting and grading in the packhouse. Menzel and Smith (2011) showed that there were small differences in the size of 'Festival' transplants planted from late March/early April to late April/ early May at Stanthorpe. In those experiments, the transplants planted in early March were smaller (2.5 g/plant) than those planted later (3.2 to 3.7 g/ plant). The effect of planting date on the quality of the transplants probably varies with season and growing conditions. In warm growing conditions, there can be a reduction in average plant size because of overcrowding in the nursery beds at the end of the growing season. There is always a tradeoff between nursery production (number of transplants per unit area of cropping) and the average quality of the transplants (size of the crowns, roots, etc.).
Yield was higher in the first planting than in the second planting in three of four cases and higher in the first planting than in the third planting in four of four cases. In the previous experiment, the best yield was achieved for stock planted in midMarch (Menzel and Smith, 2011) , although this is before 'Festival' is generally available. Transplants of 'Florida Fortuna' are not available until early April, and our results showed that delaying planting after this time reduces yield of this cultivar in southeastern Queensland. Duval et al. (2005) found that transplants of 'Sweet Charlie' and 'Camarosa' planted in early October (equivalent to early April in southeastern Queensland) in Florida over 2 years generally had higher yields in December than transplants planted in late October. Production after December was also influenced by the time of planting, although the effect was not consistent across years or cultivars. Hassell et al. (2006) indicated that average yields of 'Bish', 'Camarosa', 'Chandler', and 'Gaviota' over ). EFFECT OF PLANT SIZE ON GROWTH AND YIELD. The large transplants were about three times the size of the small transplants at the time of planting. This is consistent with the previous study in southeastern Queensland when the plants were obtained from nurseries in southern Queensland and from nurseries in Victoria and Tasmania in southern Australia (Menzel and Smith, 2011) .
Yields were greater in the large transplants than in the small transplants in four of four cases. Overall, the differences between the two groups of plants were greater in 2010 than in 2011, when it was slightly warmer and wetter. In the earlier experiment at Nambour over 3 years, large transplants had 17% higher yields than small transplants. We recorded a similar difference in average productivity between the two groups of plants in the current experiments. Bartczak et al. (2010) found a strong correlation between yield and the fresh weight of 'Honeoye' and 'Elsanta' plants at planting (R 2 = 0.64) in Poland. There were poorer correlations between yield and the numbers of crowns or roots/plant or the length of roots/plant (R 2 = 0.20 to 0.49). Takeda et al. (2004) conducted similar experiments with 'Chandler' strawberry plants in the eastern United States. The weight of the different transplants varied from 0.9 (very light) to 9.9 g/plant (very heavy), with the larger plants yielding 10% more than the smaller plants. Cocco et al. (2011) studied the effect of plant size on the performance of 'Arazá' strawberry plants in Brazil using both barerooted (crowns from 3 to 8 mm or larger) and containerized plants (crowns from 2 to 7 mm). Plant size had at best a small effect on yield. Schrevens et al. (1989) conducted similar work in greenhouses in Belgium and reported a mixed effect of initial plant size on productivity over two seasons.
None of the previous research in Queensland and elsewhere determined whether the difference between the small and large plants was greater in later plantings. We found that the small plants did not yield proportionally less as planting was delayed. It is apparent that the lower temperatures that occurred as planting was delayed affecting the small and large plants in a similar way. These results suggest that small plants are an issue for productivity in this environment whenever they are planted. Average gross income was A$3.79 ± 0.20 per plant for the small transplants and A$4.66 ± 0.23 per plant for the large transplants. Average gross income was A$5.24 ± 0.19, A$3.83 ± 0.27, and A$3.61 ± 0.28 per plant for the first, second, and third planting, respectively. In these experiments, on average %80% of the crop was produced from August to October when prices for the fruit are relatively low. This pattern of cropping is similar to the response recorded for 'Sweet Charlie' in Florida, with the bulk of the crop produced toward the end of the growing season (MacKenzie et al., 2003) .
PLANT GROWTH. Plant growth generally decreased as planting was delayed, with a greater response in the first year than in the second year, under slightly warmer and wetter conditions. Growth was also less in the small transplants than in the large transplants. Average growth in the 'Florida Fortuna' plants was two-thirds of that in the 'Festival' plants, and average growth in the second year was about two-thirds of that in the first year. These differences in growth were used to explore the relationship between yield and vegetative growth. There were strong relationships between yield and average seasonal vegetative plant dry weight (leaves, crowns, and roots). Yield increased as plant dry weight increased, with different relationships across the different years and cultivars. Average yields were higher in 2011 than in 2010, but average plant growth was lower. It was slightly cooler and drier during fruit production in the second year compared with conditions in the first year. Shaw (1993) found that yield was correlated with the diameter of the plant canopy at various times during the season in hundreds of strawberry genotypes from 20 families growing at two sites in California. However, at other times there was no link between productivity and growth, with the plants growing at the expense of the flowers and fruit. He concluded that overall, sustained productivity was dependent on adequate growth during spring and early summer. Our data suggest that plant growth affects productivity in southeastern Queensland.
Transplants of 'Festival' and 'Florida Fortuna' had lower yields when they were planted after late March or after early April in southeastern Queensland, suggesting that they should be planted when they first become available to commercial producers. Differences in yield between small and large transplants were consistent across different times of planting, with the small plants always having lower yields than the large plants. Producers should consider paying a premium for large transplants delivered early in the season.
